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Abstract 
Activated carbons are important adsorbents covering a broad range of applications from gas to air purification. In order to 
improve their mechanical stability and their resistance against oxidation they are infiltrated here with an inert material, 
SiC or SiO2. For this process the chemical vapor infiltration technique with tetramethylsilane as precursor is used. The 
process is designed for the infiltration of larger quantities (up to 50 g) which allows further analysis of the materials 
produced: in comparison to the uncoated activated carbon the novel adsorbent have an increased breaking strength and the 
BET-surface areas and pore volumes are on high levels. The possibility of using the novel material for solvent adsorption 
is demonstrated for acetone. 
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1. Introduction 
Activated carbons are important adsorbents with diverse technical applications [1-4]. Unfortunately, they 
also display obvious disadvantages such as lower resistance against oxidation and low mechanical stability. 
To reduce these problems the inner surface of the activated carbons are covered here with thin films of 
ceramic materials, SiC/SiO2. These materials are supposed to protect the carbon surface. 
For the preparation of such films on the inner surface of the activated carbon the chemical vapor 
infiltration technique is employed and tetramethylsilane (TMS) is used as precursor here. In contrast to other 
possible precursors for the SiC infiltration of porous materials, such as methyltrichlorsilane (MTS) [5], TMS 
has the advantage of being free of chlorine. 
Recently we have analyzed the infiltration of activated carbons with TMS at 873 K and 200 mbar [6]. 
However, in that previous study it was only possible to infiltrate small quantities (< 2 g), but the change in 
mass was in situ recorded. That information permitted a deeper understanding of the infiltration process: 
previously, it was shown that 873 K and 200 mbar were adequate deposition parameters to produce novel 
SiC/SiO2-infiltrated adsorbents with surface areas and pore volumes and increased breaking strength. For 
further details see ref. [6]. 
In the present study, the process is upscaled for the production of larger quantities (up to 50 g), because 
further chemical analyses such as adsorption studies require large amounts. For the upscaling larger technical 
modifications of the setup was necessary. So a novel hot wall reactor was designed with rotating substrate 
holder. The aim of the present study is to document the performance of the upscaled setup. The focus is on the 
homogeneity of the charges which is of great challenge. Additionally, adsorption studies of acetone on the 
novel adsorbent are presented for the first time here. 
2. Experimental 
For the chemical vapor infiltration of activated carbon with tetramethylsilane the experimental setup shown 
in figure 1 was used. It consists of a tube furnace with a single heating zone of 950 mm length, and an inner 
diameter of 60 mm. Tetramethylsilane (TMS) was evaporated in a bubbler at a constant temperature of 257 K. 
The vapor pressure at this temperature is 170 mbar [7] which is lower than the total pressure in the reactor 
during the infiltration experiments (200 mbar). The TMS vapor was transported into the reactor by 5 sccm 
(standard cubic centimeter) nitrogen carrier gas. At the nozzle 95 sccm N2 was added in order to increase the 
flow velocity. A third nitrogen flow of 100 sccm is brought into the reactor to protect the rotating mechanism. 
Thus, the composition of the gas phase in the reactor was xN2 = 0.87 and xTMS = 0.13 (x = mole fraction). 
The temperature distribution within the tube furnace has a parabolic distribution with a nearly constant 
temperature between 400 and 500 mm, as measured from the nozzle orifice. Activated carbon is placed in this 
region during the infiltration experiments. For the infiltration experiments shown here a maximum furnace 
temperature of 895 K was used (see inset of figure 1). As proved by pre-deposition experiments on flat 
graphite substrates (not shown here) the deposition rate is nearly homogenous along the flow direction 
between 400 and 500 mm. 
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Fig. 1: Schematic diagram of the CVD reactor: (1) nitrogen supply, (2) flow meters, (3) thermo bath, (4) bubbler with TMS, (5) nozzle,
(6) ceramic tube furnace, (7) heating coils, (8) substrate container, (9) exhaust, (10) rotating substrate holder
3. Results and Discussion
For the infiltration experiments, activated carbons manufactured by “CarboTech GmbH”, type “C40/4
extra” [8] were used as substrates. They consist of cylindrical pellets of 4 mm diameter, and 12 mm length. 
The specific surface area is larger than 1200 m²/g which is 400000 times the size of the outer surface area.
Therefore the deposition of TMS on the outer surface area is negligible. The mass of each pellet is around 50
mg. During the infiltration procedure they were placed in a cylindrical drum with a length of 100 mm and a
diameter of 50 mm. It was centered in the middle of the tube furnace (see fig. 1). Typical loadings were 30 g
for each infiltration experiment, containing around 600 of the activated carbon pellets.
Energy dispersive x-ray spectroscopy (EDX) of one single carbon pellet shows no difference in chemical
composition along the cross and longitudinal sections. However, the infiltration within the entire charge is
non homogenous.
3.1. Mass infiltration rate
In order to improve the homogeneity of the infiltration process, the substrate holder was in situ
rotated at 30 rounds per minute. The effect of this rotation on the infiltration rate is studied in figure 2. It
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shows the infiltrated mass per gram activated carbon (gac) as a function of the infiltrated time for rotated and 
non rotated substrates. In both cases, the infiltrated mass increases with time, which is in good agreement with 
our earlier study with lower quantities [6]. From that study it is expected that saturation occurs after around 
40-50 (mass-%) infiltration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Infiltrated mass over time: During the experiments the substrates were rotated (Ŷ) and non rotated (ż). The solid and dashed lines 
are just to guide the eye 
The measurements here show no saturation because the infiltration time is still too low. However, as 
can be easily seen from fig. 2 the increase in mass of the whole charges is around 4% larger when the 
substrates are rotated. Obviously the infiltration process is more homogenous in that case. 
3.2. BET-Analysis 
After the infiltration procedure the samples were characterized by an “BELSORP-max” surface area 
analyzing equipment, analyzing the nitrogen adsorption isotherms at 77 K. Figure 3a shows a typical nitrogen 
adsorption isotherms for pure activated carbon (solid line) and for activated carbon infiltrated with 0.11 g/gac 
(dashed line). BET surface area and total pore volume of the activated carbons are calculated from the slope 
of the adsorption isotherms: the results are shown in fig. 3b (BET surface area) and fig 3c (pore volume) for 
pure activated carbon and activated carbon infiltrated with 0.11 g/gac SiC/SiO2. The presented data are the 
averages of two measurements on different samples of each charge. 
It is shown that the BET surface areas and the pore volume decrease with the SiC/SiO2 infiltration. 
However, the values for the infiltrated samples are still high (> 800 m²/g) which is expected for a good 
adsorbent. 
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Fig. 3: (a) nitrogen adsorption isothermal measured from pure activated carbon (solid line) and activated carbon infiltrated with 0.11 g/gac 
SiC/SiO2 (dashed line). (b) BET surface areas; (c) pore volumes. 
 
3.3. Breaking strength 
The breaking strength of the infiltrated materials was characterized by using an “ERWEKA TBH 225” 
test-equipment. It is tested by pressing the activated carbon pellets in radial direction until they crush (see 
inset of fig. 4). This procedure was repeated for 25 pieces and the results were statistically evaluated. The test 
was performed according to the ASTM standard [9]. The force necessary to crush a pellet is shown in fig. 4 as 
a function of the infiltrated mass. As comparison, the result for a pure activated carbon is also shown. 
It is shown in fig.  4 that the breaking strength is increased by the SiC/SiO2-infiltration: an increase of 
around 80% is observed for 0.27 g/gac. This is a promising result for the technical application of the novel 
adsorbent, e. g. their use in a fluidized bed adsorber. 
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Fig. 4: Breaking strength (with standard deviation) for pure activated carbon and two infiltrated activated carbons, containing       
0.11 g/gac and 0.27 g/gac of SiC/SiO2. 
3.4. Acetone adsorption 
Fig. 5 shows the increase of mass during the acetone adsorption for activated carbon infiltrated with 0.11 
g/gac SiC/SiO2. As comparison, the adsorption of acetone on pure activated carbon is also shown. The 
adsorption experiments were performed at 303 K in a atmosphere of 15 (mol-%) acetone and 85 (mol-%) 
nitrogen. Prior to the experiments the samples were heated for 2 hours in pure nitrogen atmosphere at 573 K 
for degassing and releasing all of the incorporated water. 
It is shown that the possibility of acetone adsorption is decreased by the infiltration. However, the 
maximum adsorbed mass of acetone is 26 (mass %) for the infiltrated sample and thus still very high. 
Therefore the novel material is still a good adsorbent for acetone. 
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Fig. 5: Thermogravimetric analysis of the acetone adsorption at 30 °C in an atmosphere of 15 (mol-%) acetone and 85 (mol-%) nitrogen. 
The infiltrated mass as function of the infiltrated time is shown for pure activated carbon (solid line) and activated carbon infiltrated with 
0.19 g/gac SiC/SiO2 
4. Conclusion and summary 
In the present study an upscaled process for the gas phase infiltration of large amounts of activated 
carbon with thin SiC/SiO2  films is shown. Activated carbons are infiltrated at 200 mbar and 873 K by using 
TMS as precursor. As result, novel adsorbents are grown, which show slightly decreased surface areas and 
pore volumes, but strongly increased breaking strength. Overall, the material is still a good adsorbent as being 
proofed experimentally for the acetone adsorption. 
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